
0 

‘I ABLt 4. - bffecrs of carbon monoxide on psychomotor juncrrons - C’ontmued 

Reference 
Test OI 

Measurement 

co 
level 
pm 

COHb 
level 

(Percent) Effect 

F-odor, G.G.. 
Winneke. G. 

(19) 

Attentiveness to 
auditory stimuli 

Flicker fusion 

Speed of motor performance 

Perception of complex 
visual patterns 

50 x 5 hrs. 2-5 Decreased 

50 x 5 hrs. 2-5 No change 

50 x 5 hrs. 2-s No change 

50 x 5 hrs. 2-s Improved 

Schulte, J.H 
(43) 

Bender, W.. et al. 
(6) 

Cognitive function 100 5 Decreased 

Reaction time 

Threshold for temporal 
resolution of visual stimuli 

Manual dexterity 

Learning meaningless syllables 

Retention of 10 SylkdbkS 

for 1 hr 

100 

100 

100 

100 

20 No change 

7.25 Raised 

7.25 Decreased 

1.25 Decreased 

1.25 No change 

Groll-Knapp, E., et al. Attentiveness to auditory 
(22) stimuli 

50 

100 

I50 

Deterioration at 
50 ppm. worse at 
100 ppm. worst 
at 150 ppm 

Wright, G.. et al. 
WV 

Reaction time 6.3 

Glare recovery 6.3 

Careful driving habits 6.3 

Prolonged 

Prolonged 

Failure to improve 
with practice 



Two government sponsored studies have attempted to evaluate 
the degree of minor irritation due to cigarette smoke experienced by 
bus and plane passengers. The U.S. Department of Transportation 
(44) studied the environment on two ventilated buses - one with 
simulated unrestricted smoking and another with simulated smoking 
limited to the rear 20 percent of the seats. In one bus, lighted 
cigarettes were placed at every other seat (23 cigarettes) to simulate a 
bus filled with smokers. In the other bus, cigarettes were placed only 
in the rear 20 percent of the bus (five cigarettes) to simulate a bus 
where smoking was limited to the rear 20 percent of the seats. When 
smoking was limited, the CO level at the driver’s seat was only 18 
ppm (ambient air 13 ppm) compared to the level of 33 ppm 
(ambient air 7 ppm) measured in the unrestricted smoking situation. 
Four of the six subjects seated in the bus reported eye irritation 
during the unrestricted smoking simulation. None of the six subjects 
reported any eye irritation in the restricted smoking situation (not 
even those seated in the rear 20 percent of the bus). 

Sev.eral Federal agencies (48) cooperated to survey the symp- 
toms experienced by travelers on both military and commercial 
aircraft. They distributed a questionnaire to passengers on 20 
military and 8 commercial flights; 57 percent of the passengers on 
the military flights and 45 percent of the passengers on the 
commercial flights were smokers. The planes were well ventilated 
and CO levels were always below 5 ppm with low levels of other 
pollutants as well. In spite of the low level of measurable pollution, 
over 60 percent of the nonsmoking passengers and 15 to 22 percent 
of the smokers reported being annoyed by the other passengers’ 
smoking. Seventy-three percent of the nonsmoking passengers on the 
commercial flights and 62 percent of the nonsmoking passengers on 
the military flights suggested that some remedial action be taken; 84 
percent of those suggesting remedial action felt that segregating the 
smokers from nonsmokers would be a satisfactory solution. These 
feelings were even more prevalent among those nonsmokers who had 
a history of respiratory disease. 

Children have been found to have a higher incidence of 
respiratory infections than adults and are thought to be more 
sensitive to the effects of air pollution due to their greater minute 
ventilation per body weight than adults. Several researchers have 
investigated the effects of parental smoking on the health of 
children. Cameron, et al. conducted two telephone surveys of Detroit 
families to determine the relationship between children’s respiratory 
illness and parental smoking habits. In the first survey (9) they found 
a statistically significant relationship between the prevalence of 
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children’s respiratory infection and parental smoking habits only 
when all children under 16 were considered (not when only those 
under 9 or under 5 were considered). In a larger survey of the same 
city (10) they found a relationship between parental smoking and 
prevalence of respiratory illness in the lo- to 16-year age group and 
in the birth to 5-year age group. Neither study controlled for 
smoking by the children which might be a factor in the lo- to 
16-year age group or for socioeconomic status which has an effect on 
both smoking habits and illness. However, the data were consistent 
with a higher prevalence of respiratory disease in families where there 
are smokers than in nonsmoking families. 

Colley (12) also found a relationship between parental smoking 
habits and the prevalence of respiratory illness in the children. He 
found an even stronger relationship between parental cough and 
phlegm production and respiratory infections in children. He 
postulates this latter relationship to result from the greater infec- 
tivity of these parents due to their cough and phlegm production. 
The relationship between parental cigarette smoking and respiratory 
infection in their children would then occur because cigarette 
smoking caused the parents to cough and produce phlegm and would 
not be indicative of a direct effect of cigarette smoke-filled air on the 
children. 

Harlap and Davies (29) studied infant admissions to Hadassah 
Hospital in West Jerusalem and found a relationship between 
admissions for bronchitis and pneumonia in the first year of life and 
maternal smoking habits during pregnancy. Data on maternal 
smoking habits after the birth of the child were not obtained, but it 
can be assumed that most of the mothers who smoked during 
pregnancy continued to smoke during the first year of the infant’s 
life. A relationship between infant admission and maternal smoking 
habits was demonstrable only between the sixth and ninth months of 
infant life and was more pronounced during the winter months 
(when the effect of cigarette smoke on the indoor environment 
would be greatest). Mothers who smoke during pregnancy are known 
to have infants with a lower average birth weight than the infants of 
nonsmoking mothers. The relationship between maternal smoking 
and their infants’ admission to the hospital found in this study was 
greater for low birth weight infants, but was also found for normal 
birth weight infants (Table 5) (29). Harlap and Davies (29) 
demonstrated a dose-response relationship for maternal smoking and 
infant admission for bronchitis and pneumonia; however, they also 
found a relationship between maternal smoking and infant admis- 
sions for poisoning and injuries. This may indicate a bias in the study 
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TABLE 5. - Admission rates (per I00 infants) by diagnosis, birth weight, and maternal smoking 

Diagnosis 

Bronchitis and 
pneumonia 

All other 

Total 

Birth weight(g) Total 

~2,999 3,000 (including unknown) - 3,499 3,500+ 

S NS s NS S NS NS 
(297) (2,326) (415) (4,098) (264) (3,195) (9:6, (9,686) 

19.2 12.3 9.6 8.2 12.1 9.0 13.1 9.5 

22.6 19.9 14.5 14.6 15.2 13.3 16.9 15.5 

41.8 32.2 24.1 22.8 27.3 22.3 30.0 24.9 

NOTE. - S=Smokers; NS=Nonsmokers. 
Source: Harlap, S., Davies, A.M. (29). 



due to relationships which may exist between smoking and factors 
such as parental neglect or socioeconomic class. In addition, hospital 
admission rates may not be an accurate index of infant morbidity. 

Colley, et al. (13) studied the incidence of pneumonia and 
bronchitis in 2,205 children over the first 5 years of life in relation to 
the smoking habits of both parents. They found that a relationship 
between parental smoking habits and respiratory infection in 
children occurred only during the first years of life (Table 6). They 
also showed a relationship between parental cough and phlegm 
production and infant infection (Table 6) which was found to be 
independent of the effect of parental smoking habits. The relation- 
ship between parental smoking and infant infection was greater when 
both parents smoked and increased with increasing number of 
cigarettes smoked per day. The relationship persisted after social 
class and birth weight had been controlled for. 

Thus, respiratory infections during the first year of life are 
closely related to smoking habits independent of parental symptoms, 
social class, and birth weight. Because of the dose-response relation- 
ship between parental smoking and infant respiratory infection 
established by Colley, et al. (13), it is reasonable to suspect that 
cigarette smoke in the atmosphere of the home may be the cause of 
these infections; however, other factors such as parental neglect may 
also play a role. 

The above studies examined the effects of involuntary smoking 
on relatively healthy people. A substantial proportion of the U.S. 
population suffers from chronic cardiovascular and pulmonary 
diseases, however, and they represent the segment of the population 
most seriously jeopardized by conditions found in involuntary 
smoking situations. In Chapter 1 of this report (Cardiovascular 
Diseases) evidence was presented which showed that levels of CO 
sometimes experienced in smoke-tilled environments (50 ppm) are 
capable of significantly decreasing the exercise tolerance of persons 
with angina pectoris and intermittent claudication. In addition, these 
levels of CO have been shown to decrease cardiac contractility and to 
raise left ventricular end-diastolic pressure (an indication of heart 
failure) in persons with cardiovascular disease. 

Persons with chronic bronchitis and emphysema have consider- 
able excess mortality under conditions of severe air pollution. In 
smoke-filled environments levels of CO and several other pollutants 
may be as high or higher than occur during air pollution emergencies. 
The effects of short-term exposure of persons wit11 chronic obstruc- 
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TABLE 6. - Pneumonia and bronchitis in the first 5 years of life by parents’smoking habit and morning phlegm 

Year of 
Followup 

r 

Both nonsmokers 

N O/B N O/B N I O/B N 

1.6 10.3 10.4 14.8 15.3 23.0 8.2 
(343) (2% (424) (128) (339) (139) (546) 
8.1 8.3 7.1 15.5 8.7 9.2 6.5 
(322) (36) (365) (12% (286) (152) (599) 
6.9 8.1 10.5 9.4 7.9 11.0 8.2 
(305) (37) (353) (107) (242) (154) (661) 
8.0 11.1 1.5 10.8 7.6 11.6 8.2 
C-7) (36) (306) (102) (236) (121) 695) 
6.1 14.7 5.6 9.4 3.9 10.6 6.4 
(285) (34) (267) (107) (208) (132) (737) 

Annual incidence of pneumonia and bronchitis per 100 children 
(Absolute numbers in parentheses) 

One smoker Both smokers 

Chti 

NOTE. - N=neither with winter morning phlegm. O/B=one or both with winter morning phlegm. 
Source: Colley, J.R.T., et al. (13). 

Both ex-smokers 
or one ex-smoker 
or smoking habit 

al 

13.2 
(129) 
10.7 
(159) 
11.6 
(173) 
9.1 
(187) 
7.3 
(21% 

All 

N 

10.1 
(1,652) 
7.4 
(1,572) 
8.4 
(1,561) 
7.9 
(1,524) 
5.9 
(1,497) 

O/B 

16.7 
(425) 
11.3 
(476) 
10.6 
(471) 
10.3 
(446) 
9.1 
(492) 



tive bronchopulmonary disease (COPD) to these conditions have not 
been evaluated. Persons with COPD are also possibly at increased risk 
to CO exposure because of their low alveolar Paz. Due to the 
reduced amount of oxygen available to compete with the CO for 
hemoglobin binding sites, these persons might experience a carboxy- 
hemoglobin to oxyhemoglobin ratio higher than those in healthy 
subjects under the same conditions of CO exposure. The retention of 
CO may also be prolonged due to both this increased binding of CO 
to hemoglobin under low alveolar Po2 and decreased ventilatory 
capacity to excrete CO. 

In summary, the effects of cigarette smoke on healthy 
nonsmokers consists mainly of minor eye and throat irritation. 
However, people with certain heart and lung diseases (angina 
pectoris, COPD, allergic asthma) may suffer exacerbations of their 
symptoms as a result of exposure to tobacco smoke-tilled environ- 
ments. These effects are dependent on the degree of individual 
exposure to cigarette smoke which is determined by proximity to the 
source of the tobacco smoke, the type and amount of tobacco 
product smoked, conditions of room size and ventilation as well as 
the amount of time the individual spends in the smoke-filled 
environment, and his physiologic condition at the time of exposure. 

107 



SUMMARY 

1. Tobacco smoke can be a significant source of atmospheric 
pollution in enclosed areas. Occasionally under conditions of heavy 
smoking and poor ventilation, the maximum limit for an 8-hour 
work exposure to carbon monoxide (50 ppm) may be exceeded. The 
upper limit for CO in ambient air (9 ppm) may be exceeded even in 
cases where ventilation is adequate. For an individual located close to 
a cigarette that is being smoked by someone else, the pollution 
exposure may be greater than would be expected from atmospheric 
measurements. 

2. Carbon monoxide, at levels occasionally found in cigarette 
smoke-filled environments, has been shown to produce slight 
deterioration in some tests of psychomotor performance, especially 
attentiveness and cognitive function. It is unclear whether these 
levels impair complex psychomotor activities such as driving a car. 
The effects produced by CO may become important when added to 
factors such as fatigue and alcohol which are known to have an effect 
on the ability to operate a motor vehicle. 

3. Unrestricted smoking on buses and planes is reported to be 
annoying to the majority of nonsmoking passengers, even under 
conditions of adequate ventilation. 

4. Children of parents who smoke are more likely to have 
bronchitis and pneumonia during the first year of life, and this is 
probably at least partly due to their being exposed to cigarette 
smoke in the atmosphere. 

5. Levels of carbon monoxide commonly found in cigarette 
smoke-filled environments have been shown to decrease the exercise 
tolerance of patients with angina pectoris. 

108 



BIBLIOGRAPHY 

1 AMERICAN CONFERENCE OF GOVERNMENT INDUSTRIAL HYGENISTS. 
TLVs@ threshold limit values for chemical substances in workroom air adopted 
by the American conference of government industrial hygienists for 1973. Journal 
of Occupational Medicine 16(l): 3949, January 1974. 

2 ANDERSON, E. W., ANDELMAN, R. J., STRAUCH, J. M., FORTUIN, N. J., KNEL- 
SON, .I. H. Effect of low-level carbon monoxide exposure on onset and duration 
of angina pectoris. A study of ten patients with ischemic heart disease. Annals of 
Internal Medicine 79(l): 46-50, July 1973. 

3 ANDERSON, G., DALHAMN, T. The risks to health of passive smoking. Lakartid- 
ningen 70: 2833-2836, August 15, 1973. 

4 ARONOW, W. S., CASSIDY, J., VANGROW, J. S., MARCH, H., KERN, J. C., 
GOLDSMITH, J. R., KHEMKA, M., PAGANO, J., VAWTER, M. Effect of 
cigarette smoking and breathing carbon monoxide on cardiovascular hemo- 
dynamics in angina1 patients. Circulation SO(2): 340-347, August 1974. 

5 ARONOW, W. S., ISBELL, M. W. Carbon monoxide effect on exercise-induced angina 
pectoris. Annals of Internal Medicine 79(3): 392-395, September 1973. 

6 BENDER, W., GOTHERT, M., MALORNY, G. Effect of low carbon monoxide 
concentrartions on psychological functions. Staub Reinhaltung der Luft 32(4): 
5460, April 1972. 

7 BRIDGE, D. P., CORN, M. Contribution to the assessment of exposure of nonsmokers 
to air pollution from cigarette and cigar smoke in occupied spaces. Environmental 
Research 5: 192-209, 1972. 

8 BRUNNEMANN, K. D., HOFFMANN, D. Chemical studies on tobacco smoke. XXIV. 
A quantitative method for carbon monoxide and carbon dioxide in cigarette and 
cigar smoke. Journal of Chromatographic Science 12(2): 70-75, February 1974. 

9 CAMERON, P., KOSTIN, J. S., ZAKS, J. M., WOLFE, J. H., TIGHE, G., OSELETT, 
B., STOCKER, R., WINTON, J. The health of smokers’ and nonsmokers’ children. 
Journal of Allergy 43(6): 336-341, June 1969. 

10 CAMERON, P., ROBERTSON, D. Effect of home environment tobacco smoke on 
family health. Journal of Applied Psychology 57(2): 142-147, 1973. 

11 CANO, J. P., CATALIN, J., BADRE, R., DUMAS, C., VlALA, A., GUILLERME, R. 
Determination de la nicotine par chromatographie en phase gazeuse. II - 
Applications Annales Pharmaceutiques Francaises 28(11): 633640. 1970. 

12 COLLEY, J. R. T. Respiratory symptoms in children and parental smoking and phlegm 
production. British Medical Journal 2: 201-204, April 27, 1974. 

13 COLLEY, J. R. T., HOLLAND, W. W. CORKHILL, R. T. Influence of passive smoking 
and parental phlegm on pneumonia and bronchitis in early childhood. Lancet 
2(7888): 1031-1034, November 2, 1974. 

14 CORN, M. Characteristics of tobacco sidestream smoke and factors influencing its 
concentration and distribution in occupied spaces. Scandinavian Journal of 
Respiratory Diseases (Supplementum 91): 21-36, 1974. 

15 DALHAMN, T., EDFORS, M.. RYLANDER. R. hlouth absorption of various 
compounds in cigarette smoke. Archives of Environmental Health 16t6): 
831-835. June 1968. 

109 



16 

17 

18 

19 

20 

21 

22 

23 

24 

2.5 

26 

27 

28 

29 

30 

31 

32 

DALHAMN, T., EDFORS, M., RYLANDER, R. Retention of cigarette stttah 
components in human lungs. Archives of Environmental Health 17(S): 746.741 
November 196 8. 

DUBLIN, W.B. Secondary smoking: A problem that deserves attention. Pa&lenr, 
26(9):244-245, September 1972. 

ENVIRONMENTAL PROTECTION AGENCY. National primary and seco,,ean 
ambient air quality standards. Federal Register 36(84-Part II):8186-8201. AP; 
30, 1971. 

FODOR, G. G., WINNEKE, G. Effect of low CO concentrations on resistance :, 
monotony and on psychomotor capacity. Staub Remhaltung der IQ,, 
32(4):46-54, April 1972. 

GALUSKINOVA, V. 3.4 - Benzpyrene determination in the smoky atmosphere d 
social meeting rooms and restaurants. A contribution to the problems of so-called 
passive smoking. Neoplasma 11:465468, 1964. 

GODIN, G., WRIGHT, G., SHEPHARD, R. J. Urban exposure to carbon m~ne~,~ 
Archives of Environmental Health 25(5):305-313, November 1972. 

GROLL-KNAPP, E., WAGNER, H., HAUCK, H., HAIDER, M. Effects of low earba 
monoxide concentrations on vigilance and computer-analyzed brain potentiali 
Staub Reinhaltung der Luft 32(4):6448, April 1972. 

HARKE, H. -P. The problem of “passive smoking.” Munchener Medizinische Wecktb 
schrift 112(51): 2328-2334, December 18, 1970. 

HARKE, H. -P. The problem of passive smoking. I. The influence of smoking en ,la 
CO concentration in office rooms. Internationales Archiv fur A&itsme&tt~ 
33(3): 199-206, 1974. 

HARKE, H. -P., BAARS, A., FRAHM, B., PETERS, H., SCHLUTZ, C. Zum Pmblrr 
des Passivrauchens (The problem of passive smoking.) Internationaies Archir :-. 
Arbeitsmedizin 29-323-339, 1972. 

HARKE, H. -P., BLEICHERT, A. Zum Problem des Passivrauchens (The problem 
passive smoking.) lnternationales Archiv fur Arbeitsmedizin 29:312-322. 197: 

HARKE, H. -P., LIEDL, W., DENKER, D. The problem of passive smoking. II 
Investigations of CO level in the automobile after cigarette smoking. lnrr 
nationales Archiv fur Arbeitsmedizin 33(3):207-220, 1974. 

HARKE, H. -P., PETERS, H. The problem of passive smoking III. The influence . 
smoking on the CO concentration in driving automobiles. Internationales Arc! ;’ 
fur Arbeitsmedizin 33(3):221-229, 1974. 

HARLAP, S., DAVIES, A. M. Infant admissions to hospital and maternal smoliicr 
Lancet 1(7857):529-532, March 30, 1974. 

HARMSEN, H., EFFENBERGER, E. Tobacco smoke in transportation vehicles. li\lr: 
and working rooms. Archiv fur Hygiene and Bakteriologic 141(5):383400. le.(’ 

HOEGG, U. R. The significance of cigarette smoking in confined spaces. Ilx+ 
University of Cincinnati, Division of Graduate Studies, Department of En\ir,+ 
mental Health. 1972137 pp. 

HOEGG, U. R. Cigarette smoke in closed spaces. Environmental Health Perspecii$* 
2: 117-l 28. October 1972. 

110 



33 JOHANSSON, C. R., RONGE. H. Acute irritation effects of tobacco smoke in the 
room atmosphere. Nordisk Hygienist Tidskrift 46:45-50. 1965. 

34 

35 

36 

37 

38 

39 

4D 

41 

42 

43 

44 

45 

46 

47 

JOHNSON. W. R. HALE. J. W.. NEDLOCK. J.W.. GRUBBS. H. J.. POWELL, D. H. 
The distribution of products between mainstream and sidestream smoke. Tobacco 
175(21):4346, October 12. 1973. 

LAWTHER, P. J., COMMINS. B. T. Cigarette smoking and exposure to carbon 
monoxide. Annals of the New York Academy of Sciences 174:135-147, October 
5, 1970. 

LUQUETTE, A. J., LANDIS& C. W.. MERKI, D. J. Some immediate effects of a 
smoking environment on children of elementary school age. The Journal of 
School Health 40(10):533-536, December 1970. 

MCFARLAND, R. A. A study of the effects of low levels of carbon monoxide upon 
humans performing driving tasks at the Harvard School of Public Health. 1973 
Automotive Air Pollution Research Symposium, Washington, D.C., March 7-9. 
1973. 

MCFARLAND. R. A. Low level exposure to carbon monoxide and driving perfor- 
mance. Archives of Environmental Health 27(6):355-359. December 1973. 

RAY, A. M.. ROCKWELL, T. H. An exploratory study of automobile driving 
performance under the influence of low levels of carboxyhemoglobin. Annals of 
the New York Academy of Sciences 174:396408, October 5, 1970. 

RUSSELL, M. A. H., COLE, P. V., BROWN, E. Absorption by non-smokers of carbon 
monoxide from room air polluted by tobacco smoke. Lancet 1(7803):576-579, 
March 17, 1973. 

RYLANDER, R. (Editor). Environmental tobacco smoke effects on the non-smoker. 
Scandinavian Journal of Respiratory Diseases (Supplementum 91): l-90, 1974. 

SCHMELTZ, I., HOFFMANN, D., WYNDER, E. L. The influence of tobacco smoke on 
indoor atmospheres. I. An overview. Preventive Medicine 4:66-82, 1975. 

SCHULTE, J. H. Effects of mild carbon monoxide intoxication. Archives of 
Environmental Health 7(5):30-36, November 1963. 

SEIFF, H. E. Carbon monoxide as an indicator of cigarette-caused pollution levels in 
intercity buses. U.S. Department of Transportation, Federal Highway Administra- 
tion, Bureau of Motor Carrier Safety, April 1973, 11 pp. 

SRCH, M. Uber die Bedeutung des Kohlenoxyds beim ZigarettenrauchenimPersonen- 
kraftwageninnern. Deutsche Zeitschrift fur gerichtliche Medizin 60:80-89, 1967. 

STEWART, R. D., BARETTA, E. D., PLATTE, L. R., STEWART, E. B., KALB- 
FLEISCH, J. H., VAN YSERLOO, B., RIMM, A. A. Carboxyhemoglobin levels in 
American blood donors. Journal of the American Medical Association 
229(9): 1187-1195, August 26, 1974. 

STEWART, R. D., NEWTON, P. E., HOSKO, J. J., PETERSON, J. E. Effect of carbon 
monoxide on time perception. Archives of Environmental Health 27(3):155-160. 
September 1973. 

111 



48 U.S. DEPARTMENT OF TRANSPORTATION, FEDERAL AVIATION ADMINIS- 
TRATION, U.S. DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE. 
NATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY AND HEALTH. 
Health aspects of smoking in transport aircraft. Rockville, Md. AD-736097, 
December 197 1,85 pp. 

49 U.S. PUBLIC HEALTH SERVICE. The Health Consequences of Smoking. A Report of 
the Surgeon General: 1972. U.S. Department of Health, Education, and Welfare. 
Washington, DHEW Publication No. (HSM) 726516, 1972, 158 pp. 

50 WRIGHT, G., RANDELL, P., SHEPHARD, R. J. Carbon monoxide and driving skills. 
Archives of Environmental Health 27(6): 349-354, December 1973. 

112 


